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We study a layered three-dimensional heterostructure in which two types of Kondo insulators
are stacked alternatingly. One of them is the topological Kondo insulator SmB6, the other one an
isostructural Kondo insulator AB6, where A is a rare-earth element, e.g., Eu, Yb, or Ce. We find
that if the latter orders ferromagnetically, the heterostructure generically becomes a magnetic Weyl
Kondo semimetal, while antiferromagnetic order can yield a magnetic Dirac Kondo semimetal. We
detail both scenarios with general symmetry considerations as well as concrete tight-binding calcu-
lations and show that type-I as well as type-II magnetic Weyl/Dirac Kondo semimetal phases are
possible in these heterostructures. Our results demonstrate that Kondo insulator heterostructures
are a versatile platform for design of strongly correlated topological semimetals.
I. INTRODUCTION
Recent efforts to study phases defined by topologically-
protected band structure degeneracies1–14 reflect their
great potential for technological applications15,16 and for
table-top experiments on quasiparticles both analogous
to high-energy particles and beyond this framework 17–25.
There is also a major undertaking to study these systems
in the presence of correlations that suggests far richer
physics beyond the weakly-correlated regime26–38.
Heavy-fermion systems serve as an important guide
in the study of correlations, and therefore of corre-
lated topological phases: There is evidence these com-
pounds host topological Kondo phases, which share the
topological classification of weakly-correlated topological
phases but with the essential difference that it is the
strongly correlated Kondo effect that protects the topo-
logically non-trivial state.39. This area of research began
with topological Kondo insulators40–56 but has more re-
cently been extended to Chern Kondo insulators39, topo-
logical crystalline Kondo insulators57,58, Mo¨bius Kondo
insulators59, Weyl Kondo semimetals due to inversion
symmetry-breaking60 and non-magnetic Dirac Kondo
semimetals61.
The characterization of topological Kondo semimet-
als remains incomplete, however. The magnetic Weyl
semimetal—a Weyl semimetal realized via time-reversal
symmetry-breaking as opposed to inversion symmetry-
breaking2—still lacks a counterpart phase, the magnetic
Weyl Kondo semimetal, which is characterized by Weyl
cones in the bulk electronic structure that are protected
by the Kondo effect.
The magnetic Weyl semimetal—not the Weyl
semimetal due to inversion symmetry-breaking—can
be the elementary example of a Weyl semimetal in the
sense that it may realize the minimum number of two
Weyl cones2. Experimental signatures of magnetic Weyl
semimetals are simpler and may differ from those of
Weyl semimetals due to inversion symmetry-breaking62.
To date, there has only been one realization of the
magnetic Weyl semimetal, and only in the presence
of an applied magnetic field, while there have been
many experimental studies of Weyl semimetals due to
inversion symmetry-breaking63.
The magnetic Dirac Kondo semimetal is a state pos-
sessing Dirac cones, i.e., four-fold band degeneracies with
linear dispersion in all directions in momentum space, in
the bulk electronic structure when time-reversal symme-
try is broken. These degeneracies emerge as a result of
the Kondo effect and are protected by crystal symmetries
of the magnetic space group. Magnetic Dirac semimetals
have only been discussed very recently13,14,25,64.
In this work, we show that both the magnetic Weyl
Kondo semimetal and magnetic Dirac Kondo semimetal
may, conveniently, be constructed from the topologically
non-trivial surface states of the topological Kondo insula-
tor samarium hexaboride (SmB6), the most well-studied
Kondo insulator and one of the best topological insula-
tors when benchmarked by the minimal bulk conductiv-
ity65. In this work, we explore the potential that SmB6
and a family of isostructural materials AB6 (where A is
a rare-earth element or a combination of two dopants)
hold for designing topological metals when stacked in a
periodically repeating heterostructure [see Fig. 1 a)]. As
these topological phases are constructed directly from the
surface states of a topological Kondo insulator and these
surface states are protected by the Kondo effect, these
phases are topological Kondo metals.
We focus on symmetry-protected Weyl and Dirac
cones brought about by ferromagnetic and antiferromag-
netic order, respectively. While based on a proposal
for weakly-correlated Weyl semimetals2, our work goes
beyond this proposal by (i) instead deriving topologi-
cal semimetal phases from topologically non-trivial elec-
tronic structures resulting from intrinsically strongly-
correlated Kondo physics39, (ii) including the case of
three dimensional magnetic Dirac Kondo semimetals,
(iii) including realization of both type-I and type-II
Weyl/Dirac Kondo semimetal phases, and (iv) utiliz-
ing the strong correlations of hexaborides as the sources
of requisite magnetic orders as opposed to magnetic
dopants66,67. We note that SmB6 furthermore ex-
hibits evidence of exotic correlated topological surface
states68–72, which could enrich the physics of topological
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FIG. 1. a) Unit cell of the layered heterostructure consisting
of a finite number of layers of each of two isostructural Kondo
insulators, here the topological Kondo insulator SmB6 and the
trivial narrow-gap insulator AB6. b) Schematic of the Fermi
surface for some chemical potential µ intersecting the three
Dirac cones on the (001) surface of SmB6. Bulk electronic
structures of the tight-binding models (6) for c) SmB6 and
d) an example AB6 compound, respectively, arising from the
hybridization between flat f bands and dispersive d bands,
although the electronic structure of AB6 could more generally
also include p-bands near the Fermi level or just p- and d-
bands near the Fermi level, or even be metallic73, so long as
the requisite symmetries and parent compound topologies are
present, although this latter case is not ideal.
Kondo semimetals constructed from SmB6 surface states.
II. MODEL FOR THE HETEROSTRUCTURE
A. Essential requirements of parent compounds
We consider a heterostructure made of periodic stack-
ings of SmB6 and another, possibly magnetic isostruc-
tural compound AB6 [see Fig. 1 a)], candidates of which
are discussed in Sec. IV. We will model parent com-
pounds neglecting microscopic details as discussed in the
next section. We consider one parent compound to be
SmB6, because it is the most established candidate for a
topological Kondo insulator. While the topological na-
ture of SmB6 has been under debate
74, our work is based
on the assumption that SmB6 is a topological Kondo in-
sulator. Our results also transfer to other topological
Kondo insulators.
The realization of topological Kondo semimetals in
such a heterostructure depends on the presence of the
requisite symmetries and the topological insulator elec-
tronic structure of SmB6, enabled by the Kondo effect.
As we will show, appropriate magnetic order then in-
duces magnetic Weyl or Dirac cones in the electronic
structure. These Weyl or Dirac cones may appear even if
AB6 and (or) SmB6—and with both (one) of them, the
heterostructure—is metallic.73. Despite metallicity not
being ideal, we stress that all experimentally-confirmed
Weyl semimetals thus far have in fact been metallic
rather than semimetallic73.
B. Treatment of correlations
The topological properties of SmB6 and AB6 impor-
tant for realization of topological Kondo semimetals can
be realized without taking into account the full multiplet
structure of the d- or f - orbitals. We thus consider a sim-
plified model that ignores these details. As the essential
difference between topological Kondo phases and weakly-
correlated topological phases, however, is that the for-
mer are protected by bulk electronic structure resulting
from the Kondo effect as opposed to weakly-correlated
band structure39, we must construct topological Kondo
semimetal phases using a model for parent topological
Kondo insulator compounds in which non-trivial topol-
ogy emerges at finite correlation strength.
We therefore consider a lattice model for a topological
Kondo insulator with cubic symmetry75 for the descrip-
tion of the parent compounds SmB6 and AB6:
H =
∑
γ,s
[∑
r
ε˜γc
†
γ,r,scγ,r,s −
3∑
j=1
∑
〈r,r′〉j
t˜(j)γ c
†
γ,r,scγ,r′,s
]
+
∑
γ,s,s′,i
∑
r
(
iV˜ c†γ,r,sσ
i
ss′cγ¯,r+ei,s′ + H.c.
)
+
∑
r
Uc†f,r,↑cf,r,↑c
†
f,r,↓cf,r,↓ .
(1)
Here, c†γ,r,s
(
cγ,r,s
)
denotes a creation (annihilation) op-
erator for an electron in orbital γ ∈ {d, f} with spin
s ∈ {↑, ↓} on site r of the cubic lattice, and 〈·〉j for
j ∈ {1, 2, 3} denotes pairs of first (NN), second (NNN),
and third neighbors (NNNN), respectively. The vectors
ei connect nearest neighbors in the i ∈ {x, y, z} direc-
tions. In the middle line of Eq. (1), γ¯ = f (γ¯ = d) when
γ = d (γ = f). The parameters t˜
(j)
γ stand for j-th near-
est neighbor hopping integrals, ε˜γ the onsite-energy of γ
band, and V˜ the hybridization between f and d orbitals.
The form of the hybridization as a parity-odd hopping
term is a consequence of the opposite inversion eigenval-
ues of the d and f orbitals. Terms containing U govern
interactions and reflect the assumption that f electrons
locally interact via a Hubbard repulsion while the d elec-
trons are non-interacting.
We consider the case where interactions strongly renor-
malize band parameters but low-energy excitations are
described by well-defined Fermi-liquid quasiparticles. We
can take advantage of previous work by Legner et al.75
that used the Kotliar-Ruckenstein slave-boson scheme in
the mean-field approximation76 to treat interactions in
the quasiparticle approximation to the periodic Ander-
son model76–79, assuming a k-independent self-energy
3for the f -electrons of the Fermi liquid type Σf (ω) =
a + bω + O (ω2). The Fermi-liquid quasiparticles in
such a state are then accurately described by a non-
interacting Hamiltonian with renormalized parameters
t˜
(j)
f → t(j)f = z2t˜(j)f , V˜ → V = zV˜ , ε˜f → εf = ε˜f + λ,
and U → 0, while the others remain the same. The ad-
ditional parameters z and λ are expressed by the self-
energy expansion coefficients by z = (1 − b)−1/2 and
λ = a/(1 − b), thus depend on the band parameters of
the original Hamiltonian containing the quartic interac-
tion terms between f -orbital electrons. The predominant
effect of U is to move the f -electron band closer to the
Fermi level, thereby enabling topological band inversion.
C. Low-energy effective theory for the
heterostructure
Having discussed the effective non-interacting Hamil-
tonian that we use to describe bulk SmB6 and AB6, we
now study the mechanism by which three-dimensional
(3D) bulk Weyl and Dirac cones arise in the heterostruc-
ture by weakly coupling the topological surface states
of SmB6 between consecutive interfaces within an effec-
tive theory for the surface states as expected in a het-
erostructure as shown in Fig. 1(a). Let us first consider
both SmB6 and the trivial insulator AB6 to be nonmag-
netic. In the surface Brillouin zone (BZ) of SmB6, there
are three Dirac cones appearing at the two X¯ points
(pi, 0), (0, pi) and at the Γ¯ point (0, 0) [see Fig. 1 b)]. In
the limit of decoupled interfaces, each interface between
the two materials then hosts three Dirac cones, deriving
from those appearing in the surface BZ of SmB6.
Weakly hybridizing these Dirac cones at Ω ∈ {X¯, Γ¯}
with overlap integrals ∆Ω and δΩ across the SmB6 layer
and the AB6 layer, respectively, yields a low-energy ef-
fective theory for the heterostructure of the form
HΩ(k) = vFτz (zˆ × σ) · (k − kΩ) + ∆Ωτxσ0
+ δΩ
(
τxσ0 cos kz + τ
yσ0 sin kz
) (2)
with kX¯ = (pi, pi, 0) and kΓ¯ = (0, 0, 0). Here, σ and τ
denote the vector of Pauli matrices in spin space and in
the space of interfaces η ∈ {upper, lower}, respectively.
Similarly, σ0 and τ0 are the 2 × 2 unit matrices in spin
space and in the space of interfaces, respectively. For
simplicity, we assume all three Dirac cones to be at the
same energy and to be isotropic with the same Fermi
velocity vF
71.
We first discuss the low-energy theory without mag-
netic order. As translational symmetry is not broken
in the xy plane, the findings of Ref.2 apply separately
for each of the Dirac cones at the surface of SmB6.
Therefore, a band inversion occurs on the Γ–Z line when
|∆Γ¯| < |δΓ¯|, and on the X–R line when |∆X¯| < |δX¯|. As
we tune the number of SmB6 layers (NTI) and AB6 layers
(NBI), the ratios |∆Γ¯/δΓ¯| and |∆X¯/δX¯| change, thus mak-
ing it possible to observe multiple topologically distinct
phases. Depending on whether or not band inversions
occur on the two different high-symmetry lines, we can
distinguish four different phases [see Fig. 2 a)]: A weak
topological insulator (WTI) if there is a band inversion
along the X–R line, a strong topological insulator (STI2)
for a band inversion along the Γ–Z line, another strong
topological insulator (STI1) for band inversions on both
lines, or a band insulator (BI) without any band inver-
sions. Considering the extreme limits of either only SmB6
or only AB6, we expect the system to be in the phases
STI1 and BI, respectively. Therefore, it is expected that
the system will realize either of two phase transitions
STI1–WTI–BI or STI1–STI2–BI as we increase NBI/NTI
from 0 to ∞ [see Fig. 2 a)].
We now consider the heterostructure with magnetic
order. In the case of ferromagnetic order in the zˆ direc-
tion, there is no coupling between Dirac cones centered
around different points in the BZ, so we may consider
each one individually with an additional term for the net
magnetization in the zˆ direction:
HFMΩ (k) = HΩ(k) +mτ0σz. (3)
The eigenvalues of this Hamiltonian are given by
EΩα,β = α
√
v2F(k˜
2
x + ∆k˜
2
y) + [m+ βMΩ(kz)]
2, (4a)
with
k˜x = kx − kΩx , k˜y = ky − kΩy , (4b)
MΩ(kz) =
√
∆2Ω + δ
2
Ω + 2δΩ∆Ω cos kz, (4c)
where α and β can take the values ±1. Thus, at kx = kΩx ,
ky = k
Ω
y , m = ±MΩ(kz), we obtain Weyl cones.
As a second case, we discuss antiferromagnetic order
with an ordering vector Q = (pi, pi, 0). (Note that Qz is
defined with respect to the unit cell of the heterostruc-
ture, not the lattice spacing of the comprising materials.)
In that case, the surface Dirac cones at the two X¯ points
are coupled, leading to the Hamiltonian
HAFMX¯ (k) = ρ0HX¯(k) +mρxτ0σz, (5)
where ρ and ρ0 are the vector of Pauli matrices and the
2 × 2 unit matrix in the space of the two Dirac cones
at the different X¯ points, respectively. This Hamiltonian
has the same eigenvalues as those given in Eq. (4) with
Ω = X¯, but with an extra double degeneracy of each
band.
The antiferromagnetic order breaks time-reversal sym-
metry T , but preserves the combination of T and a
translation ta by a displacement a = (1, 0, 0) in units
of the lattice constant. The symmetry (Tta) is repre-
sented by −Kρzτ0σy (where K represents complex con-
jugation) and in combination with inversion symmetry I
leads to Kramer’s degeneracy at each k. In addition,
the heterostructure has a Cz4 rotation symmetry that
4protects Dirac cones on the Cz4 invariant lines, such as
kx = ky = 0, as a crossing of two pairs of bands with dif-
ferent Cz4 eigenvalues. For finite (pi, pi, 0) magnetic order
and ∆/δ ∼ ±1 , bulk Dirac cones emerge in pairs near
the A and M point in the folded BZ, respectively.
D. Lattice model
The effective model for the heterostructure showed
that Weyl and Dirac cones can appear in the ferro- and
antiferromagnetically ordered case, respectively, but it
cannot be used to determine the strength of the hy-
bridization terms ∆Ω and δΩ. To determine which of
the possible phases can be realized in the actual het-
erostructure, we now use the quasiparticle Hamiltonian
for a topological Kondo insulator with cubic symmetry,
which contains parameters renormalized by the Hubbard
U75:
H =
∑
γ,s
[∑
r
εγ,rc
†
γ,r,scγ,r,s−
3∑
j=1
∑
〈r,r′〉j
t(j)γ c
†
γ,r,scγ,r′,s
]
+
∑
γ,s,s′,i
∑
r
(
iV c†γ,r,sσ
i
ss′cγ¯,r+ei,s′ + H.c.
)
. (6)
To model the heterostructure, we endow the onsite en-
ergies εγ,r with a spatial dependence to change their
values between the two materials comprising the het-
erostructure. The parameter εf − εd changes the bulk
band topology of the translationally invariant model
between normal insulator, weak topological insulator,
and strong topological insulator75,80. As discussed in
Sec. II B, the effect of correlations is encoded in the renor-
malization of the model parameters: most notably, in-
creasing the correlation strength induces a shift in εf
and reduces V , t
(1)
f , and t
(2)
f
75.
The heterostructure is then modeled as NTI layers of
the topological Kondo insulator SmB6, using the param-
eter set75 t
(1)
f = −0.1t(1)d , t(2)d = −0.4t(1)d , t(2)f = 0.04t(1)d ,
t
(3)
d = t
(3)
f = 0, V = 0.5t
(1)
d , εd = 1.76t
(1)
d , εf = −0.24t(1)d ,
where we set t
(1)
d = 100 meV in order to produce the cor-
rect band gaps, and NBI layers of a trivial Kondo insu-
lator with the same parameters except for εd = 4.02t
(1)
d ,
εf = −0.78t(1)d , corresponding to our example AB6. The
bulk band structures of these two parameter sets are
shown in Fig. 1 c) and d). The (topological) band gap
of SmB6 is then 24 meV, a value in good agreement with
past work81. For AB6, we choose a band gap of 84 meV.
III. RESULTS
A. Phase diagram at zero magnetization
We first explore the topology of the heterostructure in
the absence of magnetic order. We fix the number of lay-
a) b)
FIG. 2. Topological phases of the nonmagnetic heterostruc-
ture. a) Phase diagram of the effective model for the het-
erostructure based on the coupling of topological Dirac sur-
face states. Depending on the strength of the couplings be-
tween the surface states, ∆Γ¯,X¯ and δΓ¯,X¯, the heterostructure
can realize a normal band insulator (BI), a weak topological
insulator (WTI), or a strong topological insulator with (STI1)
or without (STI2) nontrivial weak indices. b) Phase diagram
of the tight-binding model for the heterostructure with a fixed
number of 2 layers of SmB6 and a variable number NBI of lay-
ers of the trivial Kondo insulator AB6. Vertical bars indicate
the band widths of the highest valence and lowest conduction
band along the high-symmetry lines Γ–Z and X–R. Topologi-
cal transitions are accompanied by gap closings at the end of
these lines, indicated by the dashed guides to the eye. The
system follows a trajectory similar to the blue line in the phase
diagram a) as NBI is varied.
ers of SmB6, NTI (NTI = 2 in our examples), and charac-
terize the topology of the heterostructure as a function of
the number of layers of AB6, NBI. We can therefore in-
terpolate between the limits of the topological Kondo in-
sulator SmB6 for NBI = 0 and YbB6 for NBI  NTI. The
chemical potential is fixed to lie between the two middle
bands of the heterostructure dispersion, corresponding to
half filling.
To show when band touchings occur, we compute
where the minima and maxima of the middle two bands
on high symmetry lines Γ–Z and X–R are located in en-
ergy as a function of the number of layers of AB6. Fur-
thermore, we compute the strong and weak Z2 topolog-
ical indices to determine the topological phases between
band touchings. A series of phase transitions STI1–WTI–
BI is detected between NBI = 2 and 3, and between 4
and 5, respectively [see Fig. 2 b)]. We first focus on the
former case and construct a phase diagram showing the
number of Weyl cones formed between the two middle
bands as a function of the number of AB6 layers and the
magnitude of the magnetization [see Fig. 3 a)].
B. Ferromagnetism and the magnetic Weyl Kondo
semimetal
Ferromagnetic order could emerge via various mecha-
nisms. In this work, we consider two cases: ferromagnetic
order in SmB6 or in the trivial Kondo insulator (corre-
sponding to, e.g., ferromagnetic EuB6).
We find four different phases depending on NBI and m,
corresponding to 0, 2, 4, and 6 Weyl cones present in the
5a) b)
c) d)
FIG. 3. Weyl semimetal phases of the ferromagnetic het-
erostructure. a), b) Phase diagrams indicating the number of
Weyl cones between the highest valence and the lowest con-
duction band for ferromagnetic order a) in the SmB6 and b)
in the AB6 layers. Here, m is the strength of the magnetiza-
tion and the number of SmB6 layers is fixed to 2. c) Band
structure of the heterostructure for parameter values corre-
sponding to the black circle in a). Weyl cones are indicated
by black circles. d) Surface spectral function of the (100) sur-
face for a slab geometry of the heterostructure in c) at kz = pi,
showing a chiral mode belonging to a Fermi arc surface state.
system, which are located along the high-symmetry lines
Γ–Z and X–R. Depending on the parameters, these Weyl
cones can either be of type I or type II82,83. A represen-
tative band structure for magnetization m = 0.25t
(1)
d is
shown in Fig. 3 c). We can understand the phase diagram
structure as follows: The Dirac cones of the (001) surface
of SmB6 occur at the X¯ and Γ¯ points in the surface BZ
and each Dirac cone can yield a pair of Weyl cones for fi-
nite magnetization in the layering direction, as discussed
in the section on the low-energy effective theory of the
heterostructure. The offset in energy between the sur-
face Dirac cones of SmB6 means six Weyl cones emerge
at intermediate magnetization from the Γ¯ and also each
X¯ surface Dirac cone. As NBI increases, the band width
of the middle bands decreases, finally eliminating this in-
termediate regime and generating two tails where Weyl
cones appear either only around the X points (4 Weyl
cones) or the Γ point (2 Weyl cones).
We also compute the spectral function of the het-
erostructure in a slab geometry, using again the magneti-
zation m = 0.25t
(1)
d . With the heterostructure stacked in
the zˆ direction, we open the system in the xˆ direction and
compute the surface spectral function Asurf(ω, ky, kz) =
Im Tr [G(ω, ky, kz)Psurf], where G(ω, ky, kz) is the Green’s
function and Psurf the projector on one surface layer.
This result is presented in Fig. 3 d), where a Fermi arc,
a signature of a Weyl semimetal4, is clearly visible.
We can similarly compute the dispersion, phase dia-
gram, and spectral function for the case of a net magneti-
zation in the trivial Kondo insulator, A = Eu. The same
three topologically non-trivial phases—characterized by
2, 4, and 6 Weyl cones, respectively—that appear in
Fig. 3 a) also occur in this second phase diagram, shown
in Fig. 3 b).
C. Antiferromagnetism and the magnetic Dirac
Kondo semimetal
Motivated by the low-energy model of the heterostruc-
ture for antiferromagnetic order, we now consider the
full heterostructure Hamiltonian with finite magnetiza-
tion in SmB6 layers corresponding to antiferromagnetic
order oriented in the stacking direction. We physically
motivate this case as follows: There is evidence of anti-
ferromagnetic order induced in bulk SmB6 by compres-
sion66,67. Also, EuxCa1−xB6, where x = 0.4 and 0.6,
was reported to show intrinsic antiferromagnetism below
3 K84.
For the antiferromagnetic order, we add∑
γ,s
∑
r∈TI/BI
mAFMγ,r,sc
†
γ,r,scγ,r,s (7a)
to the Hamiltonian (6), where r sums over either TI or BI
layers depending on the case, andmAFMf,r,s = s(−1)i+j+km′
at r = iex + jey + kez. We take a particular form of
mAFMd,r,s = 0.2m
AFM
f,r,s if r is in TI layers, and m
AFM
d,r,s =
mAFMf,r,s if r is in BI layers, to express compression-based
antiferromagnetism in topological Kondo insulator layers
dominant in the f orbitals, as well as exciton-based an-
tiferromagnetism that is neither predominantly of d or f
orbital character85,86, respectively. We also add an NNN
hybridization∑
γ,s,s′,i
∑
r
[
iV ′c†γ,r,s(σ · dˆi)ss′cγ¯,r+di,s′ + H.c.
]
(7b)
in this section to isolate Dirac cones in the heterostruc-
ture bulk, where V ′ denotes the NNN hybridization co-
efficient, di, i = 1, . . . , 6, are taken from the set of six
directed connections to the NNN sites, {ex ± ey, ey ±
ez, ez ± ex}, and dˆi denote the corresponding unit vec-
tors. As representative values, we set t
(3)
γ = 0.16t
(1)
γ and
V ′ = −0.2t(1)d .
Two examples of Dirac semimetal dispersions of the
heterostructure are shown in Fig. 4. Both type-I and
type-II10 Dirac cones can occur in the full model, shown
in Fig. 4 b) and d), respectively.
IV. AB6 MATERIAL CANDIDATES
For the Weyl Kondo semimetal case, a promising can-
didate for AB6 is EuB6 as it displays the requisite ferro-
magnetic order87,88. We note that there is evidence EuB6
is metallic89 as well as studies suggesting the compound
6a)
c)
b)
d)
FIG. 4. Antiferromagnetic configurations for cases a) NTI =
1, NBI = 3, m
′ = 1.0 in BI layers, and c) NTI = 3, NBI = 1,
m′ = 0.5 in TI layers, and corresponding dispersions for the
full heterostructure tight-binding Hamiltonian are shown in b)
and d), respectively. A type-I (type-II) Dirac cone is visible
on the M–A high-symmetry line in the BZ in subfigure b (d),
highlighted with a black circle.
is a semimetal or a half-metallic semimetal90, but em-
phasize again that this is not a problem for realization of
the magnetic Weyl Kondo semimetal phase in practice:
so long as the symmetries and parent compound topolo-
gies required for the magnetic Weyl Kondo semimetal
phase are present, bulk Weyl cones will occur in the
heterostructure near the Fermi level. We furthermore
emphasize that Weyl cones in bulk dispersions have so
far only been observed in what are actually metallic sys-
tems73. We also note evidence that doping with Ca can
push EuB6 into an insulating state
91.
For the magnetic Dirac Kondo semimetal case, we con-
sider two promising candidates for AB6. First, we discuss
the potential of YbB6 for this purpose. We note that the
potential of YbB6 as a topological Kondo insulator has
been studied: the 4f and 5d bands of YbB6 were pro-
posed to be closest in energy to the Fermi level and the
compound was proposed as a topological Kondo insu-
lator candidate58. Subsequently, it was suggested that
the B 2p and Yb 5d bands of YbB6 were actually clos-
est in energy to the Fermi level and the material was
proposed to be a topological insulator candidate due to
inversion between predominantly p and d orbital charac-
ter bands92. This agreed with other work93–95 showing
that the binding energy of the Yb 4f 7/2 band is about
1 eV below the Fermi level. More recently, evidence was
found, which suggests YbB6 has bands with predomi-
nantly p- and d-orbital character near the Fermi level
but that it is a trivial insulator96, although the same
study indicates the compound may become a p-d over-
lap semimetal under pressure. We therefore note that
YbB6 may satisfy the topology and symmetry require-
ments necessary to serve as AB6 for construction of the
magnetic Dirac Kondo semimetal. Namely, it is topolog-
ically trivial96, and we propose the magnetic structure
of SmB6 under pressure realizes the requisite symmetries
for the magnetic Dirac Kondo semimetal phase.
CeB6 is another promising candidate material: it ex-
hibits a low-temperature magnetic phase97–105, with anti-
ferromagnetic order below 2.3 K101. Angle-resolved pho-
toemission data106 furthermore revealed the presence of
4f flat bands and dispersive 5d bands in the vicinity of
the Fermi level. Transport studies indicate CeB6 be-
haves as a Kondo metal106, but we reiterate that the
magnetic Dirac Kondo semimetal phase discussed here
persists even if parent compounds become metallic, so
long as the requisite symmetries and parent compound
topologies hold, although this is not ideal73.
V. DISCUSSION
We consider topological Kondo insulator heterostruc-
tures as platforms for the realization of magnetic Weyl
and Dirac Kondo semimetal phases. We find ferro-
magnetism (antiferromagnetism) in the heterostructure
generically realizes topologically-protected type-I and
type-II Weyl (Dirac) cones sufficiently isolated from other
states and proximate in energy to the Fermi level to re-
alize type-I and type-II magnetic Weyl (Dirac) Kondo
semimetal phases near half filling.
We note that thin films of SmB6 have already been
grown via molecular beam epitaxy (MBE)107 and Kondo
superlattices of other compounds have been grown via
MBE for study of quantum criticality108. Further-
more, evaporation of boron and most rare-earth lan-
thanides is possible at operating temperatures for effu-
sion cells109. Negative pressure on SmB6 (lattice con-
stant a = 4.13 A˚110,111) due to interfaces with EuB6
(a = 4.19 A˚112), YbB6 (a = 4.18 A˚
96), or CeB6 (a =
4.14 A˚113) may also permit the observation of the de-
sired Kondo physics at much higher temperatures of up to
240 K as well as enhancement of one or both parent com-
pound band gaps given observed effects of tensile strain
in SmB6
74.
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